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Fig.  I  Response:  to  step  change  oKreferemi  circitit  when  e,  =  50  cos 

{I00nt)[n  \ 

a  Predictive  current  control  \  / 

h  Proposed  current  control  \  / 

current  control  schemes  arc  cornered  with  respect  to  the 
sampling  periods  as  shown  in  Fig.  A  It  can  ts  noted  that  the 
error  of  the  proposed  scheme  varies  slightly  for  the  large 
variations  in  load  parameters.  Marcower,  the  current  error  of 
the  proposed  scheme  is  reduced  more  Vapidly  than  that  of  the 
predictive  control  scheme  as  the  simpli^  period  is  decreased. 
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Fig.  2  y ariations  of  lub  {l|AiM)|}  with  respect  to  sampimg  period 

(i)  predictive  (e,  =  50  cJs  ( I  OOrtt)  [V])  \ 

(ii)  proposed  (e,  =  50  c»s  ( 1  OOnt)  [V])  \ 

(iii)  predictive  {e,  =  60  «os  (lOOnr)  [V])  \ 

(iv)  proposed  (e,  =  60  tos  (ICOnt)  [V])  \ 


Conclusions:  A  current  control  scheme  with  refereiro  voltage 
estimation  for  a  voltage- fed  PWM  inverter  is  propojra.  Infor¬ 
mation  on  EMF  is/not  required  in  this  scheme.  Itiis  shown 
error  than  the  predictive  control  scheme  with  the  satiK  switch¬ 
ing  frequency  wher/the  load  parameters  are  mismatclied. 
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tnJesing  terms:  tiipolar  Jctui's.  1  rjnsislors,  .'it'mic i 
dei>i(  es  and  malenals 

The  cITccIs  of  processing  icinper.iUirc  on  collccior  icat-agr 
cutfcm  in  bipolar  joncuon  ii.tioi-.lors  (UJ'IsI  lab'icairJ  m 
silicon-on-sapphtrc  (SOS)  wcic  ci.t!iiincd  Ai  lovs  prose  - 
temperatures  (850‘'C|  a  rcducuon  of  five  orders  of  magnitude 
in  the  collector  leakage  current  was  observed  ticciicni  I  'v 
characicristics  were  obtained  on  both  NPN  and  i'NP  iran 
sisters  fabricated  at  lower  temperatures  Measured  l.)f 
current  gain  for  the  NPN  devices  was  30.  and  '.bat  of  the 
PNP  devices  was  40.  Additionally,  current  mode  logic  tC.Mt.| 
tircuiis  fabricated  using  these  irans'slots  eshibiied  well 
behaved  DC  switching  ch.iractctistics 


Introduction:  Advances  m  silieon-on-sapphire  (SOS)  pro 
cessing  have  increased  the  lifetime  of  the  material  as  well  as 
reducing  microtwin  defect.s  and  stacking  faults.  Processing 
techniques  such  as  lowering  the  epitaxy-growth  temperature, 
growing  layers  on  heavily  phosphorus-doped  layers  fl]  .ind 
using  arsenic-doped  films  [2]  have  resulted  in  higher  lifetime 
and  therefore  lower  junction  leakage  current,  in  SOS  films 
The  devclop.nent  of  doubic-solid-phasc-epitaxy  (DSPE)  [.'ij 
has  improved  the  crystal  quality  by  eliminating  the  propaga¬ 
tion  of  microlwins  and  stacking  faults  which  contribute  to 
emitter  to  collector  shorts  in  bipolar  devices.  These  improve¬ 
ments  in  processing  techniques  have  made  SOS  a  dcsir.ahle 
candidate  material  for  bipolar  junction  transistors  (BJTs). 

BJTs  in  SOS  have  several  distinct  advantages  over  their 
bulk  counterparts.  Total  isolation  between  devices  can  be 
obtained  by  etching  Si  islands  into  the  sapphire  substrate. 
Because  the  devices  are  fabricated  on  an  insulating  substrate, 
there  is  a  reduction  in  collector  to  substrate  capacitance  which 
may  give  rise  to  a  12%  decrease  in  ECL  gate  delay  [4] 
Because  devices  are  completely  isolated  from  each  other,  there 
is  no  possibility  of  latch-up.  Also,  all  interconnecting  lines  arc 
on  the  insulating  substrate,  thereby  contributing  little  par.i 
sitic  capacitance  and  allowing  high-voliagc  and  high- 
frequency  components  in  close  proximity  [5],  Additionally, 
devices  fabricated  in  SOS  have  shown  that  radialion-indui  ed 
photocurrenis  are  three  orders  of  magnitude  lower  than  m 
bulk  silicon,  making  for  a  very  radiation  hard  technology  [6], 

Most  of  the  development  of  BJTs  on  SOS  has  been 
restricted  to  lateral  BJT  devices  [7]  and  cpitaxia.  BJTs  [8], 
We  report  the  successful  fabrication  of  vertical  diffused  NPN 
and  PNP  BJTs  fabricated  in  SOS.  We  have  used  all  implanted 
base  and  emitter  regions  and  we  compare  high-temperature 
emitter  anneals  against  iow-icmperaturc  emitter  anneals  and 
examine  their  effect  on  the  resultant  device  behaviour 


Fabrication:  The  SOS  wafers  used  had  a  diameter  of  100 mm 
with  an  initial  intrinsic  thickness  of  2700  A.  The  material  was  <  ,  • , 

improved  by  using  DSPE  techniques  to  obtain  high  qualm 
transistors.  The  initial  step  in  the  DSPE  process  is  amorphisa-  S  CWAtl 
tion  of  the  silicon  at  the  .silicon-sapphire  interface.  This  was  j  TAb 
accomplished  using  an  implant  of  Si^“  at  an  energy  of  , 

l85KcV  and  a  dose  of  6  x  !0'*ion/cm^.  An  anneal  in  N,  '  ^ 

recrystalliscd  the  silicon  using  the  upper  layer  of  silicon  as  a  I'l'CotiO  • 

seed.  The  second  step  in  the  DSPE  process  is  amorphisatton - 

of  the  silicon  at  the  surface  accomplished  by  using  a  shallow- 

implant  of  Si^"  at  an  energy  of  IfXlKeV  and  a  dose  of  - . —  . — 

l0'’ion/cm^.  A  final  anneal  in  N.  recrystalliscd  the  silicon  Irtbutlon# 

surface  using  the  bottom  layer  as  a  seed  thus  completing  the  . . . 

DSPE  process  Availability  Codes 

Half  the  wafers  were  used  for  NPN  devices,  the  olhci  ii.iif _ 

for  PNP  devices.  To  reduce  collector  scries  resistance  a  buried  1  Avail  andf^r 
layer  was  implanted  into  the  2700  A  intrinsic  silicon  maieri.il  t  j  Special 
For  the  NPN  devices  the  buried  layer  wa.s  formed  by  ion 
implantation  of  phosphorus  at  KOKcV  with  a  dose  of^Y 
3  X  I0'’ion/cm^.  The  PNP  buried  layer  was  formed  using  a  \V 
boron  implanlation  at  .JOKeV  with  a  dose  of  15  <  10' 'ion/ 
cm^  followed  by  another  hoion  dose  of  I  5  x  I0''’ion  iitr  .ii 
70KeV.  The  NPNs  and  f’NPs  were  then  annealed  in  srji.ti.ite 
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Miiiaccs  111  IT’  N,  .inibienl  Suhscvjucntlv,  a  '0/<m  n-iype 
cpilaxial  layer  with  a  nominal  dopun;  density  ef  lO'"  lon/eiii ' 
Has  grown  on  the  N!’N  wafers  Similarly,  a  1()/im  epitaxial 
p-iype  layei  with  a  nominal  doping  density  of  ! 0 ' lon/cm ’ 
was  grown  on  the  PNP  wafers 

After  epitaxial  deposition  the  devices  were  isolated  using  a 
potassium  hydroxide  etch  which  removed  all  silicon  Isetween 
tlcviees  Variations  m  iinplani  dsises  and  anneal  leinperaturcs 
piovided  an  adequate  test  matrix  m  which  to  analyse  tern 
(Ktaiure-relatcd  clTects  on  these  devices.  The  icmperaiuics 
chosen  for  the  emitter  anneal  were  850  and  QSO'C.  The 
implant  doses  were  5  ».  lO'^ion/cm^,  lO’^ion/cm^  and 
2  X  tO'^ion/cin^  After  the  implants  and  emitter  anneals,  a 
5000  A  low  temperature  oxide  was  deposited  and  densilted.  A 
metal  interconnect  using  titanium  and  Al/l%Si  provided  ade¬ 
quate  step  coverage  and  nainimised  spiking  into  the  narrow 
emitter  junctions. 

Results:  DC  characteristic.s  were  measured  on  NPN  and  PNP 
devices  with  a  1  x  8pm^  emitter.  Measured  Gummel  plots 
for  NPN  devices,  shown  in  Fig.  1,  and  PNP  devices,  shown  in 
hi’  2,  display  the  DC  bipolar  behaviour.  Fig.  1  shows  an 


Fig.  1  Gummel  characteristics  for  NPN  transistor  with  uarying  emitter 
anneals 

-  850*0 

-  950“C 


Fig.  2  Gummel  characteristics  for  PN P  transistor  with  8S0°C  emitter 
anneal 


NPN  transistor  processed  at  8S0°C,  device  NPNl,  superim¬ 
posed  over  that  of  one  processed  at  950'’C,  device  NPN2. 
Device  NPN2  exhibits  five  orders  of  magnitude  higher  collec¬ 
tor  leakage  current  than  device  NPNl.  However,  it  should  be 
noted  that  the  base  current  in  device  NPNl  exhibits  higher 
recombination  than  device  NPN2,  as  evidenced  by  the  shallo¬ 
wer  slope  of  NPNl  at  base-emitter  voltages  less  than  0-6  V. 
This  effect  is  most  likely  due  to  the  lower  processing  tem¬ 
perature  of  device  NPNl.  The  anneal  time  at  850°C  was  not 
long  enough  to  anneal  the  damage  caused  by  (he  base  and 
emitter  implants.  To  maintain  high  current  gain  and  low  col¬ 
lector  leakage  while  decreasing  the  recombination  rate,  an 


optimum  anneal  tcnipcralure  tunc  .'■•i.i!!uiish,i>  mu'!  hr  .Jciri 
oped.  The  measured  cuirciii  g.iin  fot  the  NP.N  devKc-,  o.  Ki 
and  that  of  the  PNP  deuces  ii  40 

Fig  3  demonstrates  a  turrciu  mode  logu;  (t  Ml.)  ni-.mu:! 
transfer  curve  fabricated  iising  NPN  iiarisiMoi'.  fn  i-'  ic,- 
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Fig.  3  Current  mode  logic  transfer  curve  far  inverter  fabricaied  with 
N  PN  devices 


process.  The  transfer  curve  shows  excellent  DC  transfer  char¬ 
acteristics,  with  a  200  mV  input  signal  driving  the  output  from 
—  T2V  to  —  2-2V  indicative  of  the  proper  current  steering 
mechanism  that  is  behind  CML  circuits. 

AC  measurements  were  made  on  NPN  transistors  with  a 
network  analyser,  f,  values  were  obtained  for  collector 
current  /,  variations  of  10.  20,  30,  40,  and  50 pA.  Collector 
current  variations  above  this  amount  could  not  be  performed 
using  these  particular  lest  structure,s  without  signilicant 
damage  to  the  test  devices.  The  data  for  /,  against  /,  arc 
shown  in  Fig.  4.  It  can  be  seen  from  Fig.  4  that  the  /,  at  SOpA 
is  2-1  GHz.  However,  the  curve  appears  to  be  on  an  upward 
slope  and  the  maximum  /,  value  is  not  reached  within  this  set 
of  data. 


collector  current  A 


EE'S 


Fig.  4  Frequency  characteristics  for  NPN  transistor 


Conclusions:  It  has  been  shown  that  by  using  current  tech¬ 
niques  for  SOS  processing  along  with  reduced  anneal  tem¬ 
peratures,  BJTs  on  SOS  can  be  fabricated  which  exhibit  low 
emitter  collector  leakage,  decent  bipolar  current  gain,  and 
suitable  circuit  performance.  Additionally,  it  can  be  said  that 
this  was  the  first  demonstrated  work  in  which  complementary 
vertical  BJTs  on  SOS  were  processed  simultaneously  using  the 
same  prcxx»sing  techniques. 
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